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This geological structure estimation is done by flowing an electric current under the surface, then analyzing the 
different electrical resistance depending on the rock's quality, the degree of density, and soil moisture conditions. The 
research location is in East Kabaena, Bombana Regency, Southeast Sulawesi Province. The type of tool used is the G-
Sound, a cheap and reliable resistivity (geoelectric) measurement tool. The geoelectric method used in this exploration is 
the resistivity method with the Schlumberger Method electrode configuration. Then the interpretation of the geoelectric 
survey data using the IP2Win software represents a sounding point. The results of field investigations found that the 
limonite layer with groundwater content had a resistivity value range of 0.28 -20.00 ohm-m. Then the limonite layer with a 
few chunks of rock with a resistivity value of 50.00 - 150 ohm-meters. The saprolite layer contains groundwater with a 
resistivity value of 100-200 ohm-m. The bedrock layer with a resistivity value greater than 5.034.00 - 23.351.00 ohm-m is 
the lowest part of the laterite profile. The nickel laterite is in the limonite and laterite layers with a resistivity value of 50.00 
- 150 ohm-m with an estimated layer depth between 3 - 50 meters. The thickness of the layer ranges from 8 - 15 meters. 
Boring tests must accompany the use of geoelectric tools for the identification of soil structures. Interpretation of 
geoelectric data on metallic mineral resources includes the interpretation of geoelectric data into geological conditions. 
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1. INTRODUCTION 
As a material for strategic industrial needs and 
high technology, nickel can generate enormous added 
value [1]. The use of nickel reserves by only exporting as 
raw material eliminates many opportunities that can be 
obtained compared to domestic processing [2]. Apart from 
obtaining added value, it also supports the downstream 
industry's development, creates job opportunities, and 
controls and develops more advanced technology [3], [4]. 
The associated minerals in raw materials will be carried 
away to cause more losses caused by non-optimal 
management [5], [6]. 
The management and utilization of exploited 
mineral resource potential will undoubtedly have quite a 
challenge because there are other potential natural 
resources such as forestry, agricultural and marine areas in 
the mining business license area. Optimizing the potential 
of mineral resources requires a strategic environmental 
study to determine the direction of the mining activity 
management policy so that it is hoped that it can minimize 
the potential for damaging environmental impact pollution 
[7]. Mineral resource management can also increase the 
economic growth of other sectors, thereby accelerating 
regional development's pace while minimizing the 
potential environmental impacts so that the benefits of 
mineral resources can be optimized [8]. To exploit mineral 
resources in an area, it is necessary to recognize each 
existing source's potential size to analyze the feasibility of 
developing development activities. 
Indonesia is one of the world's largest nickel 
producers. As a non-renewable resource, this enormous 
nickel potential will eventually run out [9], [10]. 
Therefore, nickel resource management requires long-term 
planning to get the most optimal benefits for development 
progress. In laterite nickel mining, an estimate is needed to 
calculate the resource before the mining process occurs. 
Resource estimation plays an essential role in determining 
the quantity and quality of sediment. Because the results 
of reasonable and accurate estimates that are following 
their existence in the field can determine the investment 
that will be invested by investors as an investment in the 
mining business, the method of mining that will be carried 
out, even in estimating the time it will take for the 
company to carry out its mining business so that it can 
reduce the amount of cost and provide benefits for the 
company itself. 
Nickel laterite has an uneven distribution, and 
one day it will run out. Therefore, exploration is required 
before undertaking nickel mining. Exploration is a process 
of investigation to collect detailed and accurate data about 
natural resources in a place [11]. The existence of this 
stage will reduce the amount of capital, reduce the risk of 
failure, material loss, work accidents, and environmental 
damage [12]. One example of the exploration phase to 
determine laterite nickel deposits is the geoelectric method 
or resistivity meter. This geoelectric survey activity is part 
of a general investigation of mineral deposits' condition 
using the Geoelectric Method as part of mineral resource 
development planning [13]. This activity is the initial stage 
of the development and mining process of mineral 
resources. Recommendations from the analysis results of 
the data obtained in this activity become a reference for 
planning further activities. 
Geoelectric investigation was carried out to 
determine the stratigraphy of the area along the Metal 
Mineral reserve area using the resistivity method. 
Furthermore, geoelectric data is conveyed as a basis and 
material for consideration and as a reference for further 
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work planning. The distribution of mineral resource 
potential from one region to another is highly variable. It 
depends on the climate, rainy conditions (distribution and 
intensity of rain), topography, rock types that make up the 
area, aquifer types, and hydrological systems. The 
determination of landform units is done manually through 
visual interpretation of Digital Landsat ETM + images 
with several interpretation keys obtained from secondary 
data and surveyed in the field. Zoning potential can be 
obtained by overlaying all field parameters with a 
weighted overlay method using the Geographic 
Information System spatial analysis tool [14], [15]. 
Research using the resistivity geoelectric method 
has been carried out a lot and for a long time to determine 
the potential for groundwater, which is entirely accurate in 
showing the presence of water below the earth's surface 
[16]-[26], then with other investigations that can be carried 
out using the geoelectric method namely related to 
geological structure and metal mineral exploration [27]–
[31]. Activities in the research carried out are part of the 
geoelectric method, where the dynamic method with the 
source of the disturbance is the injection of an electric 
current into the earth [13]. Geoelectric methods have 
proven successful in superficial research activities, such as 
metal mineral estimation [32]. The geoelectric method 
used in this study is the resistivity geoelectric method. 
Lateritic soil has a resistivity contrast to bedrock 
(peridotite rock) so that the estimation and thickness of 
lateritic soil and bedrock using this resistivity method will 
get better results. 
 
2. RESEARCH METHOD 
 
2.1 Condition and Location 
The research location is in East Kabaena, 
Bombana Regency, Southeast Sulawesi Province. 
Achievement, the location from Makassar, can be reached 
via the Makassar - Kolaka - Bombana - Kabaena Island 
route, or Makassar - Kendari - Bombana - Kabaena Island. 
The cities of Kolaka and Kendari can be reached by plane 
from Sultan Hasanuddin Makassar Airport for 45 minutes. 
Furthermore, the journey is taken by road with four-
wheeled vehicles for 4 - 5 hours to KassiPute Port in the 
capital of Bombana Regency from the two cities. From 




Figure-1. Research location. 
 
Topographical condition of the survey site: The 
topographical condition of the location-based on previous 
researchers and the interpretation of the Topographic map: 
The topography is weak to strong waves with a slope of 
varying from 1 to 40, in some places there are slopes 
greater than 45, slopes that are steep is found in the 
Rahadopi area and the northeastern part of Kabaena 
Island. 
Land Status: This is an area of garden land with a 
weak to moderate undulating land classification-the land 
status at this location island mostly belongs to the 
community. However, to the north, the mining business 
license location is a protected forest. 
 
2.2 Research Approach 
The geoelectric method used in this exploration is 
the resistivity method with the Schlumberger Method 
electrode configuration. The main principle in applying 
this method is to interpret the subsurface hydrogeological 
conditions based on the rock's resistivity value variation to 
a given electric current. The measurement method uses 
geoelectric resistivity with the Schlumberger Rule 
electrode configuration [33]. In this configuration, current 
(I) is injected into the ground through two current 
electrodes (AB), and the magnitude of the potential 
difference (V) will be recorded by the two potential 
electrodes (MN). The electrodes' arrangement is arranged 
so that the position of the current electrode (AB) is outside 
of the potential electrode (MN). The placement of the 
current and potential electrodes must be arranged so that 
the current electrode (A - B) is on the outside, and the 
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Figure-2. Schlumberger configuration. 
 
The relationship between the electrode 
configuration distance (electrode geometry factor) and the 
measured electrical resistance value results in the apparent 
resistivity (a) value of the rock. This relationship can 









s  = Pseudo-Species Resistance (ohm-m) 
AB  = Length of Electrode Current (meter) 
MN  = Potential Electrode Length (meters) 
V  = Potential Difference (mVolt) 
I  = Strong Current (mA) 
 
Sounding data is used to determine the vertical 
variation of rock layers below the surface. The data 
collection is by moving both current and potential 
electrodes. The selected configuration is adapted to field 
conditions. This sounding data can later be contoured or 
interpreted by the rock conditions below the surface. The 
expected result is to be able to localize potential areas 
following exploration objectives. The type of electrode 
configuration uses the Schlumberger Method. Each 
configuration has advantages and disadvantages as well as 
different sensitivity. For example, the Schlumberger 
configuration is susceptible to the vertical direction and 
does very well in Vertical Electrical Sounding (VES) [34]. 
The pseudo section data intended to provide a good picture 
of both laterally and vertically. This data is collected 
through a combination and arrangement of sounding point 
measurement locations so that the measurement points are 
distributed on the track, which can be used to make 
resistivity cross-sections quickly [35]. This system's 
advantage is that the lateral and vertical variations in 
resistivity values in the survey area can be illustrated. 
 
2.3 Instrument 
This instrument consists of two main 
components, namely a Potentiometer and a Commutator. 
The commutator unit functions as a converter of direct 
current into alternating current. Also, at the same time, a 
mechanical rectifier of alternating current is received by 
the potential electrode (MN). This unit is equipped with a 
current regulator and a frequency regulator. The 
potentiometer unit functions as a voltage meter in the 
direction of the potentiometer principle. The unit is 
equipped with a highly sensitive galvanometer and a 
sliding potentiometer with a digital display. This 
resistivity meter uses a direct current source which is 
assembled from a dry battery. This tool is equipped with a 




Figure-3. G-Sound geoelectric instrument. 
 
The type of tool used is the G-Sound, a cheap and 
reliable resistivity (geoelectric) measurement tool. This 
geoelectric instrument is designed for portable 
measurements with a current penetration depth of up to 
100 m to 150 meters. There is no need to adjust the SP 
complicatedly; the SP value is corrected automatically 
through the adjusting button. The Current Source (current 
generator) technology included in G-Sound makes it a 
reliable, secure anti-short circuit system, where short-
circuit conditions often occur when the AB (current) 
spacing is too close or at low impedance layers. G-Sound 
AG is upgrading resistivity to G-Sound to make 
acquisitions via a laptop and directly saved in ASCII 
format. 
 
2.4 Geoelectric Data Interpretation 
Measurement of apparent resistivity value (a) is 
the result obtained from field measurement activities. The 
variation in the apparent resistivity value is then further 
interpreted to obtain the real resistivity value. The work 
will be used IP2Win software produced by Moscow State 
University. The output form is shown the number of 
resistivity layers, the actual resistivity value, the thickness 
of each layer, the depth of each layer, and the elevation of 
the contact boundary between the layers. 
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Figure-4. Interpretation of geoelectric data with 
IP2Win software. 
 
The variation in the rock's resistivity value is then 
integrated with the geological conditions to interpret the 
aquifer's groundwater. The expected output at this stage is: 
 
a) Position the water carrier layer. 
b) The thickness of the water carrier layer. 
c) Groundwater quality. 
d) Lateral spreading of the water-bearing layer. 
e) The condition of the material below the surface. 
 
Description of maps and hydrogeological 
sections. The interpretation of the geoelectric survey data 
using the IP2Win software represents a sounding point. 
The integration between several points will be used in the 
making: 
 
a) A resistivity cross-section that describes the 
relationship between sounding points. 
b) ISO-resistivity map that describes the relationship of 
resistivity values at a certain depth. 
c) Depiction of maps and hydrogeological sections using 
ArcView software with geographic information 
systems. 
 
3. RESULT AND DISCUSSIONS 
The density of the original rock in the formation 
of laterite nickel is a significant factor. These rocks 
contain manyolivines, which is the primary nickel carrier 
mineral [36], [37]. The highest concentrations of olivine 
are found in ultramafic rocks, komatiite, and olivine-
bearing cumulate gabbro. In ultramafic rocks with soluble 
components (especially olivine), it will provide an 
excellent depositional environment for nickel [38]. Nickel 
is obtained from deposits formed due to oxidation and 
weathering of ultramafic rock containing nickel 0.2 - 0.4 
percent. The types of minerals include olivine, pyroxene, 
and amphibole, which are found in tropical areas with high 
rainfall, thus supporting weathering and topographic, 
drainage, tectonic and geological structures. The formation 
of laterite nickel deposits is determined by several factors, 
namely: relatively sloping topography (<20), high 
intensity of fracture structures that occur in large areas, 
high rainfall, and the presence of nickel sources from the 
source rock itself [39], [40]. 
The geoelectric data analysis at the first location 
(West Kabaena Central) obtained variations in resistivity 
values ranging from 0.022 - 23,351.00 ohm-meters. The 
geological survey and geoelectric estimation results in the 
survey area show that it is dominated by ultra-alkaline 
rocks that have changed intense weathering. Geoelectric 
measurements are carried out with a maximum length 
(AB) = 150 m. Therefore, the measurement data can 
predict conditions up to a depth of 50 meters to 100 
meters. The data classification is prepared using 
geological outcrop data on the surface, which can be 
described as overburden consisting of weathering material 
is clay-silt in size, and is sometimes found mixed with 
rock blocks with varying resistivity values of 10.00 - 200 
ohm-m. The cover soil layer is the uppermost part of a 
laterite section. Its composition is plant roots, humus, iron 
oxides, and other organic remains. The typical color is 
dark brown and loose. The nickel content is so low that it 
is not picked up in mining. Overburden thickness averaged 
0.30 - 6.00 meters. Dark red is a mass collection of 
goethite and limonite. Iron capping has a high iron content 
but a low nickel content. Sometimes there are hematite, 
chromiferous minerals [41]. 
Limonite layer with groundwater content, which 
has a resistivity value range of 0.28 -20.00 ohm-m. Then 
the limonite layer with a few chunks of rock with a 
resistivity value of 50.00 - 150 ohm-meters. The limonite 
layer is the result of the further weathering of ultramafic 
igneous rocks. Its composition includes the predominant 
iron oxide, goethite, and magnetite. The thickness of this 
layer averages 8-15 m. In limonite, plant roots, albeit in a 
tiny percentage. The appearance of ultramafic igneous 
rock blocks in this zone is not dominant or almost non-
existent; generally, the minerals in ultramafic igneous rock 
have been converted into serpentine due to unfinished 
weathering. Fine-grained, red-brown, or yellow, the iron-
rich layer of limonite soil covers the entire area. This layer 
is thin on steep areas and was lost due to erosion. Most of 
the nickel in this zone is present in the manganese oxide 
mineral, lithiophorite [42]. Sometimes there are minerals 
talc, tremolite, chromiferous, quartz, gibbsite, maghemite. 
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Figure-6. Pseudo and resistivity cross section II. 
 
The saprolite layer contains groundwater with a 
resistivity value of 100-200 ohm-m. This zone is a zone of 
Ni element enrichment. Its composition is iron oxide, 
serpentine around <0.4% magnetite quartz and the original 
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rock texture is still visible. The thickness of this layer 
ranges from 5-18 m. The boulders' appearance is 
widespread, and in the fractures of the original rock, 
magnesite, serpentine, onyx, and garnierite are found. The 
original rock blocks generally have high levels of SiO2 and 
MgO and low Ni and Fe. a mixture of rock debris, fine-
grained limonite, saprolite rims, veins from garnierite 
deposits, nickeliferous quartz, manganese, and in some 
cases, silica box-work, the formation of a transition zone 
from limonite to bedrock. Sometimes there is the quartz 
mineral filling in the cracks, the primary, weathered 
minerals, chlorite. Garnierite in the field is usually 
identified as colloidal talc with more or less nickeliferous 
serpentine. The structure and texture of the original rock 
are still visible [43]. 
Bedrock layers with resistivity values greater than 
5.034.00 - 23,351.00 ohm-m. The bedrock layer is the 
lowest part of the laterite profile. Composed boulders are 
more massive than 75 cm and peridotite (bedrock) blocks 
and generally no longer contain economic minerals (metal 
content is close to or equal to bedrock). Bedrock is the 
original rock from nickel laterite, which is generally an 
ultramafic igneous rock, namely harzburgite and dunite, 
which in the fractures have been filled with iron oxide 5-
10%, minor garnierite and silica > 35%. The permeability 
of the bedrock increases in proportion to the intensity of 
serpentinization. This zone is intensely fractured, 
sometimes opens, filled with garnierite and silica minerals. 
This fracture is thought to cause the root zone, namely the 
high-grade Ni zone, but its position is hidden [44]. 
The nickel laterite is in the limonite and laterite 
zone/layer with a resistivity value of 50.00 - 150 ohm-m. 
The depth ranges from 3 to 50 meters. Investigations using 
geoelectric must be accompanied by boring data to 
complement the data from geoelectric. The conditions of 
tropical and sub-tropical climates with high rainfall and 
sunshine throughout the day play an essential role in 
weathering and dissolving the elements present in the 
original rock, which dramatically supports the formation 
of laterite nickel deposits. Likewise, the temperature 
changes are quite large in helping the occurrence of 
mechanical weathering by forming cracks in the rock, 
facilitating chemical processes or reactions in the rock 
[45], [46]. 
The relief will help speed and intensity of 
chemical weathering in gentle hills with a slope of 
between 10 - 30 °. In sloping morphology, rainwater can 
move more slowly so that it has the opportunity to seep 
through rock fractures or pores. In the soil, CO2 contained 
in groundwater plays a vital role in the chemical 
weathering process. Chemical weathering also occurs with 
the help of humic acids produced by decaying plant debris, 
which changes the solution's rock composition and pH. 
When chemical weathering continues in the 
depths of the soil, which is due to water containing CO2 
seeping down to the groundwater-surface zone, 
accompanied by the decay of plants, causing unstable 
primary minerals such as olivine, serpentine, and pyroxene 
will decompose to produce Mg, Fe, the soluble Ni and Si 
which tend to form colloids from excellent silica particles. 
After reaching the boundary between the limonite zone 
and the saprolite zone, groundwater flowing laterally 
produces dissolved Ca and Mg. All these dissolved 
products are transported slowly downwards, then fill in the 
rock's cracks and pores, causing the formation of new 
minerals through the dissolved elements' re-deposition. Fe, 
Ni, and CO form a concentration as a residue and fill the 
so-called saprolite zone [47]. 
The flow of electricity in a rock formation occurs 
mainly due to electrolyte fluid presence in rock fractures' 
pores[48]. Therefore, the resistivity of a rock formation 
depends on the rock's porosity and the type of fluid that 
fills the rock's pores. Porous rocks that contain water or 
saltwater are certainly more conductive (low resistivity) 
than similar rocks whose pores contain only air (empty). 
Generally, seismic methods in mining mineral exploration 
are used to determine subsurface structures. The shallow 
seismic reflection method can detect both lateral and depth 
variations in the relevant physical parameter, namely 
seismic velocity. It can produce an image of the 
appearance of the structure below the surface [49]. It can 
be used to limit stratigraphic features and some 
depositional features. The response to the propagation of 
seismic waves depends on rock density and other elasticity 
constants. Thus, any change in these constants (porosity, 
permeability, compaction) in principle can be known from 
the seismic method to allow for direct detection of the 
presence of subsurface structures associated with the 
presence of mineral mines. Each mineral mine/iron ore 
deposit has a different density. That is why if there is a 
mineral variation in a homogeneous environment, there 
will be different anomalies so that it can be estimated the 
minerals contained therein [50], [51]. Some deposits, such 
as mineral minerals, can be detected by gravity (gravity), 
but only to know the side rock profile (cannot directly 
detect the ore) through density anomaly. 
 
4. CONCLUSIONS 
Geoelectric methods and other geophysical data 
acquisition methods also face several challenges that can 
affect the data obtained. One of the things that one must 
face is noise in the acquired data. This noise arises due to 
interference, which causes other data to be recorded so 
that it is difficult for us to know the original data that was 
actually recorded on the receiver. In mineral exploration, 
the geoelectric method of induced polarization is used. 
The crushed polarization method can measure the 
chargeability value or the ability of a medium to store 
charge. The polarization in rocks and soils covers the 
spread or diffusion of ions to metal minerals and the 
movement of ions within the electrolyte. The main effect 
or the primary mechanism that occurs in a polarization 
process is electrode polarization, so that the presence of 
metal mineral content in the rock will increase the rock's 
chargeability value.  
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